Summary. Ovarian and luteal blood flow rates were studied using radioactive microspheres in guinea-pigs between Day 6 of the oestrous cycle and Day 1 of the following cycle. Peripheral plasma progesterone levels were measured by radioimmunoassay on the same days of the oestrous cycle.
Introduction
Luteal tissue has been shown to receive a very high blood flow in sheep (Thorburn & Hales, 1972; Niswender, Diekman, Nett & Akbar, 1973) and rabbits (Novy, 1972; Abdul Karim & Bruce, 1973; Janson & Albrecht, 1975) , with total ovarian flow rates being highest at times when functional corpora lutea are present. Both luteal and total ovarian flow rates faU sharply around the time of luteal regression (Abdul Karim & Bruce, 1973; Niswender, Moor, Akbar, Nett & Diekman, 1975; Bruce & Moor, 1976) . Since Pharriss & Wyngarden (1969) originaUy proposed that luteal regression might be caused by a reduction in luteal blood flow, the significance of declining blood flow in the process of luteolysis has remained controversial. Niswender, Reimers, Diekman & Nett (1976) concluded that blood flow to the corpus luteum may be important in the regulation of luteal function, including changes occurring during luteal regression. However, other workers including Rathmacher & Anderson (1968) in the pig, Bruce & Hillier (1974) in the rabbit, and McCracken, Glew & Scaramuzzi (1970) and Baird (1974) in the sheep, have argued against a vascular mechanism of luteolysis, because declining blood flow could not be shown to precede the fall in progesterone secretion during luteal regression.
The guinea-pig has been an important experimental animal for the study of luteal function and luteolysis, and a local uterine luteolytic mechanism involving prostaglandin (PG) F-2a has been demonstrated in this species (review by Horton & Poyser, 1976) . However, published data on ovarian blood flow in the guinea-pig are confined to the reports of Sjoquist, Bjellin & Carter (1977) on total ovarian flow on Days 1 and 11 of the oestrous cycle, and of Bjellin, Sjoquist & Carter (1975) The right common carotid artery and both femoral arteries were catheterized with heparinized polyethylene catheters filled with saline (9 g NaCl/1). The carotid and one of the femoral catheters were connected to a pressure transducer, and arterial pressure was recorded throughout the experiments. The tip of the catheter in the right common carotid artery was positioned in the left ventricle with the aid of pressure measurements, its position being confirmed by subsequent dissection. The other femoral catheter was used for blood sampling. The microspheres were 15 ± 3 µ in diameter and were labelled with 85Sr (3M Co., St Paul, Minnesota). A dose of 400 000-600 000, suspended in 0-5-0-7 ml 0-9% saline, was infused with a 1 ml tubercuUn syringe through the carotid catheter into the left ventricle during a period of 30 sec. To ensure even mixing, the hand holding the syringe was placed on a vortex mixer while injecting, thus keeping the suspension in continuous agitation. Starting 10 sec before and continuing until 20 sec after the microsphere injection, a reference sample of blood was with¬ drawn with the aid of a perfusion pump (Perfusor: B. Braun, Melsungen) at a constant rate of 1-1 ml-min-1 from one of the femoral arteries. The animal was then kiUed with an intra¬ peritoneal overdose of sodium pentobarbitone. Both the ovaries and a portion of each kidney were dissected free from connective tissue and fat, blotted, weighed and placed into counting tubes. The radioactivity in the contents of the ovaries, kidneys, and reference sample of blood, and that of the 1 ml syringe, was measured using an automatic scintillation spectrometer, (Packard Tri-Carb, Model 3002). In 2 animals on Day 10 of the cycle, samples of lung tissue were also counted. After the first counting was completed the corpora lutea were dissected from the ovaries, pooled, weighed and their radioactive content counted.
The number of microspheres injected into each experimental animal was calculated as follows. The mean radioactivity per sphere was calculated by counting the total number of spheres in each of a series of small samples of measured radioactivity. At the time of each experiment, a second sample of microspheres equal in volume to that to be injected was with-drawn into an identical syringe. This second sample was subsequently expelled into a counting tube and its radioactivity determined. From this count the total number of spheres in the injected sample was calculated. The syringe used for injection of spheres, and that used for the second sample, were also counted in the spectrometer to obtain a measure of the number of spheres remaining in these syringes.
Organ blood flows were calculated from their content of 85Sr relative to that of the reference sample of blood using the formula described by BjeUin et al (1975) . Cardiac output was calculated according to the formula described by Hales (1974) .
The data were analysed by analysis of variance and the Student-Newman-Keuls procedure (Sokal & Rohlf, 1969 Burger, Lee & Rennie (1972) . Assay sensitivity was 0-05 ng/ml. Plasma pools obtained from 1 wether and 2 ewes were included in each assay; mean ± s.e.m. values for these pools were 0-03 ± 0-01, 2-4 ±0-11 and 4-2 ± 0-19 ng/ml (n = 54) respectively. Within-assay variation was 15-9 ± 1-3% (s.e.m.; = 54) at 0-7 ng/ml.
Results

Bloodflow
Mean (± s.d.) arterial pressure was 60-8 ± 3-1 mmHg at the time of injection of microspheres, and cardiac output was 134-7 ± 9-7 ml-min-1, with no significant variation between groups. There was a close correlation between blood flow to the left and right kidneys (r = 0-95), indicating an even distribution of microspheres. Radioactivity in lung tissue was extremely low, being only marginally higher than background levels. Luteal flow was highest between Days 9 and 12, when it exceeded the combined stromal and foUicular flow rates more than 10-fold (Table 3) . Although stromal and foUicular flow rates were variable between groups, this variation was not significant. Flow to the total ovarian and luteal tissues had faUen by Day 16 and showed no further significant change on Day 1 of the foUowing cycle. Although mean ovarian and luteal flow rates were lower on Day 14 than on Days 9, 10 or 12, these differences were not significant (P > 0-05). 
Progesterone
Peripheral plasma progesterone levels on the same days of the oestrous cycle as the blood flow measurements are shown in Table 4 . Since only small numbers were included in the groups on Days 6, 9 and 10 of the cycle, statistical analysis was confined to Days 12, 14, 16 and Day 1 of the following cycle. Between-group variation was significant in these 4 groups (P < 0-001).
Progesterone levels were lower on Days 14, 16 and 1 than on Day 12, and lower on Day 1 than Day 14 (P < 0-05). •75 ±0-4
•66 ± 1-1 •11 ± 1-4* •09 ± 0-8**
•74 ±0-5**
Values significantly different from that on Day 12, * < 0-05,** < 001.
Discussion
The identification of PGF-2a as a luteolytic hormone of uterine origin in the guinea-pig is now supported by a large amount of evidence (review by Horton & Poyser, 1976) . However, the mechanism(s) by which luteolysis is brought about remains uncertain, and a reduction in luteal blood flow has been recognized as a possible mode of action (Goldberg & Ramwell, 1975; Horton & Poyser, 1976; Ahrén, HerUtz, Janson, Khan & Rosberg, 1976 (Goldberg & RamweU, 1975; Ahrén et al, 1976) . A possible explanation of the apparent discrepancies between in-vivo and in-vitro studies would be that in vivo any direct effects of PGF-2a on the luteal cells are supplemented by additional primary or secondary effects on the luteal vasculature, which in turn influence the progression of the luteolytic process.
Limitations on the ability of the radioactive microsphere method to measure local tissue blood flow levels with accuracy have been discussed by Buckberg et al (1971) and Hales (1974) . These authors, and others working with ovarian blood flow in small animals (Janson & Selstam, 1975; Janson & Albrecht, 1975) , have concluded that the method offers reasonable accuracy when the number of spheres trapped in each tissue compartment to be studied is not less than about 400. This number would have been reached or exceeded consistently in the whole ovaries and pooled corpora lutea in this study between Days 9 and 14 of the cycle. However, stromal and follicular flow levels at aU stages of the cycle, and ovarian and luteal flow levels after Day 14, were so low that the number of spheres per compartment was below 400. Thus the accuracy of flow measurement in these samples was presumably reduced. One further possible source of error would be shunting of spheres through the ovary via arterio-venous connections greater than 15 pm in diameter. This is unUkely to have been substantial in the present study in view of the very low levels of radioactivity in lung tissue, although these measurements were made on Day 10 only.
Quantitatively, the absolute ovarian blood flows measured in this study were consistent with those reported by Sjoquist et al (1977) on Days 1 and 11 of the cycle in the guinea-pig, and the relative ovarian flows during the luteal phase of the cycle were also simUar to results from cycUc (Mattner & Thorburn, 1969) and pregnant (Rosenfeld, Morriss, Makowski, Meschia & Battaglia, 1974) sheep. Relative luteal flows between Days 9 and 12 of the cycle in guinea-pigs were also simUar to those in pregnant (Abdul Karim & Bruce, 1973) and pseudopregnant (Janson & Albrecht, 1975) rabbits, but were higher than those in cyclic sheep (Thorburn & Hales, 1972) .
In common with the guinea-pig, the sheep has an oestrous cycle of about 17 days and a uterine luteolytic mechanism mediated by (McCracken et al, 1972 (Thorburn, Bassett & Smith, 1969; Baird, Land, Scaramuzzi & Wheeler, 1976; Pant, Hopkinson & Fitzpatrick, 1977) and luteal blood flow (Niswender et al, 1975; Bruce & Moor, 1976 ) in sheep appears to be more rapid than in the guinea-pig. Similarly, structural regressive changes in the corpus luteum of the sheep (Deane et al, 1966) appear to progress more rapidly than in the guinea-pig (Hossain & O'Shea, 1977) .
The progesterone levels in guinea-pigs recorded during the luteal phase of the cycle in this study were similar to those reported by ChaUis, Heap & IUingworth (1971) , and Blatchley, Donovan & ter Haar (1976) , but lower than those of Heap, Perry & Rowlands (1967) , who used a fluorometric assay. However, ChaUis et al (1971) reported that the fall in plasma progesterone values during luteal regression was evident at Day 10, eariier than in the present study. The reason for this difference is not clear, although differences between the strains of guinea-pigs used, or methods of dating the start of the cycle, may have contributed. We also failed to detect the progesterone surge at Day 1 which was reported by Croix & Franchimont (1975) and Blatchley et al (1976) .
